Feed-in Tariff system was started from July 2012 in Japan. According to the act, the electricity energy generated from large-scale Potovoltaic (LSPV) generating stations is bought for 42 yen per kWh including tax for 20 years. This price is about 3 times as large as a normal electricity rate. However it is still important to improve efficiency of the LSPV system in order to return high investment as soon as possible. The New Energy and Industrial Technology Development Organization (NEDO) advertised for consignment research business called "Verification of Grid Stabilization with Large-scale Photovoltaic Power Generation Systems" in 2006. 2MW PV system was constructed for this research in Hokuto City and five-year tests were finished in 2011. In the research, we clarified a MPPT control method for large-scale power conditioning systems (LS-PCS) to get more PV energy efficiently. Results were confirmed by ATP (Alternative Transients Program) simulations and also the field. The verification test results of grid stabilization systems by the developed LS-PCS and PV systems were also described and discussed.
Introduction
A Solar generation system is one of the promising measures for reducing global warming and is important for future energy resources, especially in Japan. An installed capacity target of solar generation systems in our country is planned to 28GW in 2020, but the cumulative installed capacity is still 4.80GW in 2011. About 80% of its capacity is mainly residential use such as roof-top types. They are 3 kW to 5 kW systems and very small size. Some large-scale_ solar generation systems should be constructed to attain the target. Therefore, feed-in tariff system (FIT) was started from July 2012 in Japan. According to the act, the electricity energy generated from large-scale photovoltaic (LSPV) generating stations is bought for 42 yen per kWh including tax for 20 years. This price is about 3 times as large as a normal electricity rate. However it is still important to improve efficiency of the LSPV system in order to return high investment as soon as possible.
The New Energy and Industrial Technology Development Organization (NEDO) advertised for consignment research business called "Verification of Grid Stabilization with Large-scale Photovoltaic Power Generation Systems" in 2006. Two sites were selected for the verification tests, which were Hokuto City in Yamanashi Prefecture and Wakkanai City in Hokkaido. Mega-solar systems (PV systems) of about 2MW and about 5MW were constructed, respectively. Five-year's evaluation and verification test were finished [1] [2] [3] [4] [5] . In the research, we clarified a MPPT control method to get more PV energy efficiently in this paper first, and the verification test results of grid stabilization systems by the developed LS-PCS and PV systems were also described and discussed. Fig. 1 shows configuration of Hokuto mega-solar system. In first stage, we constructed 600kW PV systems consisting of 24 kinds of advanced type PV modules in 2006. They have seven different PV technologies; they are single crystalline silicon (sc-Si), multi-crystalline silicon (mc-Si), amorphous silicon (a-Si), a-Si/μ-Si multi-junction, sc-Si backside contact, a-Si/sc-Si with hetero-junction and cupper indium (gallium) di-selenide modules (CI(G)S). Sixty 10kW PV arrays with the same 30-degree tilt angle and a due south orientation were constructed for evaluating the generation characteristics. They were connected to a 6.6kV distributed grid through sixty conventional 10kW PCSs (power conditioning systems) and a 6.6kV/210V transformer.
Hokuto mega-solar system
In the second stage started from 2008, we constructed about 1200kW PV systems consisting of 4 kinds of PV modules which were selected from the first stage evaluation. For connecting the PV systems to an existing power grid, we developed a novel 400kW large-scale PCS (LS-PCS) to prevent the power grid from being affected undesirably by the PV system behaviours. Developed grid stabilization controls and function of the LS-PCS were voltage fluctuation suppression control due to the PV generation fluctuations, harmonics current suppression control and fault-ride-through function in the grid faults. Specifications and developed targets are shown in table 1. At first, we were connected the LS-PCS to the 6.6kV distribution grid through a 6.6kV/420V transformer, then a 66kV/6.6kV transformer was equipped and the connection was changed from the 6.6kV distributed grid to a 66kV extra-high voltage transmission grid for mega-solar generation in 2009. The PV modules were selected for future mega-solar systems in consideration of cost [yen/W], generation efficiency [Wh/W], compactness [m 2 /W], gentleness for the environment [J/w], productivity ability of the makers, and so on. As a result, two 200kW PV systems consisting of the sc-Si/a-Si with hetero-junction, 200kW sc-Si PV system, 200kW CI(G)S PV system and two 200kW mc-Si PV systems were connected to the three 400kW LS-PCS.
In the third stage, other 4 kinds of 10kW PV systems with newly developed advanced types were constructed. Finally, total installed capacity in Hokuto becomes 1,840kW in 2010. And the mega-solar system has been put into test operation. 
MPPT control method for LS-PCS
At first, the LS-PCSs were controlled by (DC) currentcontrol method in order to operate continuous operation easily when the AC grid faults occur, because the protection from over-currents and over-voltages in the faults can perform surely. For this reason, a maximum power point tracking (MPPT) of the PV arrays were also carried out by current-control method, which finds the maximum power point (MPP) by scanning DC currents. However, we found that the method did not get PV generation outputs efficiently. The reasons can be explained as follows.
In the current-controlled MPPT, when some of the PV modules become shade, as the currents are kept on the current setting value controlled by MPPT before the shade occurring. The bypass diodes parallel-connected to the shaded modules turn on and the current flow moves from the modules to the bypass diodes. Then the PV system outputs decrease and the MPPT loses the MPP. Once the bypass diodes turn-on, MPPT control needs more time to move to the new MPP when sunshine resumes. Because currents are not cut and the bypass diodes continue to flow currents, the MPPT control can not move to the new MPP. Fig. 3 shows power and DC current characteristics of an array versus DC voltages. The figure indicates mentioned above. In the figure, Po, Vo and Io are MPP in normal condition. When shades occur, the operating points go along a current-control line to a direction of I os through I 1 by bypassing the shaded PV modules in the currentcontrolled MPPT.
On the other hand, in the voltage-controlled MPPT, when a shade occurs, the operating points move to V 1, V 2, V 3, ･･･ along a voltage-control line shown in the same figure. As the voltage-controlled MPPT keeps on DC voltages to the controlled setting voltage value instantly, bypass diodes do not turn on. The strings which can not output the MPPT controlled setting voltage value, are separated from under the MPPT control by a reverse current blocking diode. Therefore, it is easy to move to the next MPP when sunshine resumes. Fig. 4 shows ATP simulation circuit of a PV array controlled by LS-PCS. The array consists of 2 strings ST1 and ST2 and ST1 is normal condition, while ST2 is supposed that the output voltages of one module PV21 of the string vary as shown in Fig. 5(a) due to a shade. We connect a current source to the strings in the current controlled MPPT simulation, while we connect a voltage source in the voltage-controlled MPPT simulation. Analysis results of flowing currents in the strings are shown in Fig.  5(b) . In the voltage-controlled simulation in Fig. 5(b) 
The currents flowing in the bypass diode removes to the PV module when a sunshine resumes, while in the currentcontrolld simulation in Fig. 5(b)-1 , the currents keeps on flowing in the bypass diode after resuming a sunshine. After this, we modified the control algorithm of the LS- PCSs from the current-controlled MPPT to the voltagecontrolled MPPT in normal condition. However, when AC grid faults occur, the control algorithm is changed to the original current-control for protecting the PV system surely. Fig. 6 shows the 600kW PCSs and 1,200kW LS-PCSs PV system outputs. Both are controlled by voltagecontrolled MPPT. Zero PV outputs could not be seen in the 1200kW PV system outputs.
Grid stabilization test results
As for the grid stabilization, the voltage fluctuation suppression (VFS) control, the harmonics current suppression control and the fault-ride-through (FRT) function were installed in the developed LS-PCSs and tested. Fig. 7 shows an example of test results with VFS control and without VFS control. In the figure, V, P and Q show distribution line voltages, PV generations and reactive powers of the LS-PCSs for suppressing voltage fluctuations, respectively. The voltage fluctuations due to the PV generation fluctuations were suppressed within 0.2% against 68% PV fluctuations. The VFS control satisfies the target value within 2%. Fig. 8 shows measured harmonics. In the figure, In, Vn and n show the current harmonics against the fundamental current I 1 , the voltage harmonics against the fundamental voltage V 1 and harmonics order, respectively. Where n= 1 shows a fundamental. The harmonics are small enough compared to the target of 80% of the guideline. The harmonics current suppression control was also confirmed.
However, the FRT function has not been confirmed yet because no fault occurs in the grid.
PV evaluation test
In the PV evaluation tests, gain/loss evaluation and annual performance ratio (PR) for modules and systems have been measured and evaluated. Fig. 9 shows an example of the evaluation results of PRs, which are based on the power of the modules in STC measured by AIST, the 
Current harmonics
Voltage harmonics power from the manufacture's test results and the power from the module specified power (nominal value). The generation power was measured in 2010. PRs are different by the based value. The tendency of different based value does not have regularity and is different by each PV technologies. It is necessary to standardize the definition of the PRs. PRs of installed modules in the site are high enough and were from 80% to 95%. Fig. 10 shows monthly PRs in 2010. The PRs were based on the nominal value of the modules. The PRs of crystalline modules is low in summer and high in winter but that of amorphous type became opposite. The CI(G)S showed high PRs because of the light soaking effect. The annual degradation can be seen in amorphous type. The degradation rate of the sc-Si was around 1.25%/yr in average and the thin film technologies showed larger degradation rate than the sc-Si.
Conclusions
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